Generation of Gene-Edited Chrysanthemum morifolium Using Multicopy Transgenes as Targets and Markers.
The most widely used gene editing technology-the CRISPR/Cas9 system-employs a bacterial monomeric DNA endonuclease known as clustered regularly interspaced short palindromic repeats (CRISPR)-associated protein 9 (Cas9) and single-guide RNA (sgRNA) that directs Cas9 to a complementary target DNA. However, introducing mutations into higher polyploid plant species, especially for species without genome information, has been difficult. Chrysanthemum morifolium (chrysanthemum) is one of the most important ornamental plants, but it is a hexaploid with a large genome; moreover, it lacks whole-genome information. These characteristics hinder genome editing in chrysanthemum. In the present study, we attempted to perform gene editing using the CRISPR/Cas9 system to introduce mutations into chrysanthemum. We constructed transgenic chrysanthemum plants expressing the yellowish-green fluorescent protein gene from Chiridius poppei (CpYGFP) and targeted CpYGFP for gene editing. We compared the activity of a Cauliflower mosaic virus (CaMV) 35S promoter and parsley ubiquitin promoter in chrysanthemum calli and chose the parsley ubiquitin promoter to drive Cas9. We selected two sgRNAs to target different positions in the CpYGFP gene and obtained transgenic calli containing mutated CpYGFP genes (CRISPR-CpYGFP-chrysanthemum). A DNA sequencing analysis and fluorescence observations indicated that cells containing the mutated CpYGFP gene grew independently of cells containing the original CpYGFP gene in one callus. We finally obtained the CRISPR-CpYGFP-chrysanthemum shoot containing a mutation in the CpYGFP sequence. This is the first report of gene editing using the CRISPR/Cas9 system in chrysanthemum and sheds light on chrysanthemum genome editing.